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1 
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■ 




Vtt. 



B,- 




. 

^ — jim^ 



( 2 ) 

1 

:y KHJ: «9>'-0 K^^ :y :/^^/J^$ 1/ ^^^^^ 10 

i^^:y KS(cSbT?g^^tLfc. IK^ 2 ^0«e^4Sr^i- 
5 ^ ^ :y KJl J: »9 V K^> >;/:7^<7:>/J^^ J: ^ /j: 

^ft*JS 2 tS«(7:)#fi»^#F¥^3»#:m^o 
[0 0 0 1 ) 30 

1^. LD ( Laser Diode ) i: ). y>—y<—/U^:^^y'^ 

> K iW^^ SLD ( Super Luminescent Dode 

)iiV^^ )jBJ:T>*^7t^-r;d— K LED ( Light 

Emitting Diode ) ^fc. 3t{S-^^ti't'I-r 5 ¥ 

2*ft:[t»3feit*iSS (Wl^s SOA ( Semiconductor Optica 
1 Amplifier ) t^J^ ) tj: }f (D X 0 ^^m^^ t /X-tm 
S-g^i-^SttiitCl^aS^^F (JL^I^. MQW ( Multiple 

Quantum Well ) t^J^ ) ^^1" § N^^flsm^tCggi"^ 40 

[0 0 0 2] 

[i**cDa^|f] MQW /^V- K=¥^ 

ft:7?)^?,/^^4-^#FJiir. :itD»^#Fgct -'^^^ K=¥ 

>feoT:Jy*}. #tc:l:^#FJl<7>|?:$(i¥^»^F^ffi^^(^K 
• *:^n-Y2KSgSir — ^ligf^m^co b >'^>7^ 
^^;^|^^#^^i-e^ ^^cotrfc^o m^^-i. MQW- 
LD^7:)«agt;lOV^T^m^;l37|?^5i:. MQW «agfi, -tc^OW 
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i- ^ =3r -V y T aAT # 5 i 5 $ nx V ^ -So 

r J: p 1- ^ r <^ xm^:fe J: U^/J^-yi-cofi^ 

[0 0 0 3] r J: 5 MQW-LD CD MQWtC^Dtt ^ =^ -T y 

FJciMSI^n. S^#FBl^02»c5t:tcco^31ii)(Dg* 
[0 0 0 4] 1480 nm LD InP 

m V ^ — /^fii^^^S # V — /WO ^ £ 

»^#F;6^^i^ctB^n 3^7t:t^^i^^av^7^^-/^^c:/^5r 

[0 0 0 5] gp-^. p M^eti^ ^ y ¥m:b^h MQWtca 

:y Kg(CfttfiV^S^#Ft:l^i^i^tL. n M^e^ttiJ^ 

f^^ MQWF^»^#Fi-fiV^AK-/W^«5i'.^^0:T^^— 

^^7^^— yWCO^ f^y (70~80 cm ' V " ' s " ' S 

*) fi. m7L\mFh (3500 cm ' V - ' s ■ • S*) 
it^Lr:^^/J^^v^fc:^^!)^il^i^St lO ^ m/s gSi:31 
<^«et). 4$^c:^^v^^^±l;^x LD Srtdj^^it^ J: 
Tfi. i^?t^Ftciett^^-r y rcoK»S^ttlt;iJ:5r^» 

/W ( nm ) SS^^0ffii|lc^^4^^/^T>bftV^/^— /U^^gO^J^:^! 
f7)^{t:fi::^^# < . m 1 2 (Cttt-TJ: 5 MQW[^^C:^ol/^T 

[0 0 0 6] ^fc. MQW P^-C(^m?^q3lE^#^ffi/ci-j: 

y T/^fSiEg-r^r ^7!}^fe)m^t>. r(DSv^7}^— 



( 3 ) 

3 

;^ ^ ?l # Uiit/c^ V ^ <t V ^ 5 rp^®;6^ o /c, 

[0 0 0 7] ip-^,. :inh<Dmmn. m^it. xm. a. 

Hangleiter, A. Grabmaier, and G. Fuchs, " Damping 

of the Relaxastion Resonance in Multiple-quantum- 
wellLasers by Slow Interwell Transport Appl. Ph 10 
ys. Lett. , Vol. 62 (19), pp. 2316-2318, 1993 IXIsk 
1 )] ^C:^^nTV^^ J: ffim^^ftfJCD-^v"n»^ 

^tihmmm^:^^^. m^^^:/}^h 3^^^^^#.c7)fiv^/^^- 

ri:, *5<i:i/. 'BfiJ;t(is irSt^ C. H. Lin, C. L Chua. 
Z. H. Zhu, and Y. H. Lo, " On Nonuniform Pumpiung 
for Multiple-quantum Well Semiconductor Lasers 
Appl. Phys. Lett, Vol.65 (19), pp. 2383-2385, 1994 

CicSfe 2)] (;iai-<??ttTv^;6<J: mv^j!>— 20 

y 7^ ^ z^^VJn ^ V ^ ^ ^ (^"'i^^I^H ,t /^o TfiV /KD 

[0 0 0 81 :itih(Dmmn. ^^^x^mfk:^xxj^mm 

N. Tessler and G. Eisenstein, " On Carrier Injecti 
on and Dynamics in Quantum Well Lasers IEEE J. 
Quantum Electron. , Vol. 29, pp. 1586-1595, 1993 [iSt 

3 )] mjccm,^ ±iifhti m^[^(Dm'f-^^^(D^'Y 

[0 0 0 9] 30 

imMms^i^x 0 t^^mm\ ^^^m'&<D ym^mir 

5 LD f^}f(D^mW±m^\^'^^^X MQWp^CO#»^#F 

^n^t><7:)(7)S'J'&'75^ii^Pi-5/ci6. MQW l^(D^4-?-#F 
*5 ^ a V ^ — yw^S cD5^^ ^ {;i i- ^ c i # 

m<Dfz^^ m^\^. %\^m\^fL:sm i )^c*5v^T. 50 
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GalnAs ?^b^0 <^ L. IWH^^ InOaAlAs ^ 

^Bt-r^ MQWWag^ InPS^_bf::^SLT/^^. ^tlTt 
1500 nm^^O LD {C^oV^T. fti/ ^tJ^— /^^^(D 

[0 0 10] i^Tco^e^fc j:;5o inP S^Ji(c 

»^#F^Bj:W«Mgt tiid GaInAsP7!)^b7:^5t^*«3t 

MiS^^^e^^ffiij-^v^crptiiiib^co 1.3-1.6 mttj:^ 

InP S;K±.J-^ft$ft^c GalnAs / InGaAlAs^ MQW 
iffi^O 1/2 J[^Ttnc^f::J6fiv>;J>-/V(7)S-?-#F75^&> 
InPS^^Jit^/^S^tbfc GalnAs / InGaAlAs^ MQWtc: 

bTb^L. GalnAs / InGaAlAs MQW (O ^ 0 Al 

[0 0 1 1] *fc. ^Cife. iJjpa^o^, {fe, " GaAsSb 
If ^, ft^S^, LQE 99-133, ( 20 
00-02 ) 4 )] (C:^oV^r. GaAsSb/GaAs 

^M^^^ t''^':::^''-^^. K-':7^«ig^^ 
[0 0 12] :L(D:?^ti=^:^Mz.-::>\^xmT(Omm^no 

Jt^ffi^^(7)fci6S-?-#F<^««^««0:7 ^ 5p{4fm 

^6^j{£v\ p«iiiitfi^#Fop«i(7):7::^ 
HI 1 3 J; 5 {cmm'f-'^m^T- a p*^;^ ^ tjmsm $ n ^ 

OT-fc5o r(^$8^T-{^. MQW [^^^^^^(o 



( 4 

5 

[0 0 1 3j ^(DjzofiPsm^nm-t^tzi^ 

10 0 14] 10 

SftieH 1 5 iJ' 9 K«{c:S LT?l?fiK 

^tvfc. 1 ©^ett^W-rs ^' ^ KS i 0 K 20 
■;/7°ro/^$^,^ii£^^J: 19 ;i;55}-«lKi:::.iA*Jli:. iff 

«^ig^tc:*3VNT. HufEa^#FS^ nM»ei4t-r5it& 

K^^M^t LTSulS»^#F^»^. tU<(4. ^tc 
gtIfEl:^#FJltc K— fVi^-rs^i: tr^Kflt^-rs^a 
fi^#F¥^»«:*^^;iStl«$tv5„ 30 
[0 0151 5)s:^l^©H2(^ffi1S{;:J;St, mifB 

»^#FJlSr nS^f5'tti:-f-5!fe«^7pM«l^t LTStJiE 
*^#F«to;^^. tb<tt. ±{CHfite»^#F^«c: K- 

T'iS r i ^Wmt-f SH 1 «0«8^{if2«(75#afi^#F 

[0 0 16] 3|s:^|^(^H3(J5ffi«{cJ;Si:. «fF 

lE*^#FJl(^(Om^*S*s 1 X10=^ m" ' Ji^b 3 
xio-^ m" ' nmz.^^z.h^W^h-r^%2<r)Wm. 40 

fa«<75#fii^#F*W#:*^/5Sffi«$iX?)o 
[0 0 17] *l§0Jro#fifi^#Fil^j»^*:^^»4. III- 

V ^fb^«fei(^^!|L#:j: "9 7^^ MQWSrFytCttttf. Si. S , 
Ge, Se. Sn. Te :L(D\\L-^m^MW--^ nS^IStt 

ti-^!^W^^U^t LTs MQW f^ti*3!t-5»^^#F<^ 
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[0 0 18] sfc. mm^^mcoy^^v v V-^yy<\y K 

ir^ ■B^Dx(^. GalnAsP/InP 3^T'(4, n M^fSt* 

GaInAsP^?l^(4 pSi^fittcT^tcotCttK L. Ill 1 1 

inp ^mic t o T^i- J; ^ i^mn.m^j:i&m.mr>-mu± 

[0 0 19] ^BBJt-it). S^#Fi:P*M^(^r^(73* 
5. MQW U T^BS^-' ^t:^c^x.5f^ffl^^:ol,^TxE 

'<5„ GalnAsP/InP ^ MQW-LD ^r^iJf-tSt, il^d^ 

(V. ) ^zii.m\.mm'f-^^Tammm^ (v.j 

1.3 iSliCti'O. mx.i-£. ^\'T^--<tcXm 3 

)^ N. Tessler and G. Eisenstein, " On Carrier In 
Jection and Dynamics in Quantum Well Lasers lEE 
E J. Quantum Electron. , Vol. 29, pp. 1586-1595, 1993 

lzX?}t. t¥3l5fflV^t>H5»T-*F4:^lf^(7?/<v K 

^#FA»P>ro*fetb#^fiii^l##tc:Jtt!5L-C. 

[0 0 2 0] rttfC^fU. *^PJ(C*31/^Ttt. litTlcai 
-<5a«tc J; •? »^^#F wrpl-^H^ii^j/ii^a^^- 
(a) (4, ii^ro LD /ii'tCfflV^^n?)* K— 7" MQWfc: 
*3 (t -5 »^^#F t W^S (75 PbI (D >• K 7 -f V -:>- -y T'T' fo 
-5o rtbtc^fbr. *^B^T-{4, MOWS- nM^^5^^:i:-r 

FcoSp^u (Ep-o.) ;4S|i»IiJl(7)2»{5: (Er-„.,,,.) <t 19 
;'ci|'liwii5< rwt^ffiTftT-#Fti5»lie(7?7;t/w 

iL-t^. mi (b) tciTF-rj; »^#F 

i:l*SS<^PBl<^IISft6*)7'<CffiS;^^^«-^v^D|itlti^$ (V 
.»-.rr) Sr, «l K-7'»^^f^FO«-&««a^^ffly-^7^ 
( Vhh) it) tteJ^^-Br-5::i:*s-C#S. * 
*^#FffliJ(^m^^5|5»MJiffi(ife«fei-5fci*. fi^ 
#Fi:P*^Sco#at:v^> KyJ^ll^, WliJi«{ffiffi^« 

< . *-/KDl:^^#F--wjt«*3 ± T>*i-^^#F7J^ b (OWi 



(.5 ) 
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hh-eff ) 0|il#.Sr 1480 nmyt^^^M^ MQW-LD \C<:> 
TtT<o lll2 7!t^b?^b;5^7iJ:5)tc|»Sg<^m^-«S/ii^i£ 
m' ' 10'' m' ''^(D^^])T^m^^^^:it^^ 

mmm(Dm^^m (Nb,.-.. ) (Dn^^:itix^ i 

SfcNB-rr. tUT lXlO'^ in' ' ^±t^^t 

am^^m-^y' n mmm ^ <oi&m^^it%% < /.c ^ r i: t> 

m2:^^ibt>^^^ . N B»r. . COfSHi: LT IXIO'' m" ' 
1 XlQ-" m" ' 7)^ig^-efo^o 
[0 0 2 2] :L(DZt/)^h. {P^^c^V^ Nb.... tcj;t9ffim 
n ^ ^i&mir^ Zt(DX^ -S^^flHl 

2(;i:JoJt53 ■^^':^<^t0^^tLtf A< ^ 20 

Jl. I xio'^ m- = -ij. 

75^' 3 XIO^^ m- ' ^^^5<t K-t:">i/^^f 5 t 

^*F{c^ott5*^#Fcom-?-^Sf^ 1 xio^^ m- ^ 
:^^?> 3 XIO'^ m" ' <Dm\Cihh^ ttm^X-^^o 

{0 0 2 3] mx,\'t. ^^mmm^mmt^ Nb..,. : o. 

1 XIO-'' ra' ' :fc<tt>* 1 XIO"' m" ' (Dm^\^. ttl 

"t^ti. m'T-^'F(Dm^mm^^ Not : 0.7x10- ^ m 30 

':^XrJ^ m 2.3X10'" m" ' Jl^±^C^oV^T. 11^6^ 



[0 0 2 4] p$Mji-vco v—\i'>^^mnmo:)mMj^^^ 
Nb«... : 0.1 xio'* m- ' um^mmn^\^t 

m^y'xi^mM^ (Ve-.rr ) isx.xy^mm^mn^'r^ 

P«Mffi^<ta^^#FF^m^«S(^ll#.*l2l4{C^i-o ^ 
<DX.O^^^\^X \m%:Y^U-t^:LtX. Now : *^ 0.8 
7 XIO'' m" ' (mcf^R] A) lC:fcl^T V^h-err 

V.-.ff J: •9fg:< ^^19. ^fc. No, :,^1.57!)^e3 
2X10-' m' ' (CioV^r. V hh-.f f V e-eff CO 

LT 60 meV t^h 90 meV t I^tlf-fSJ^^ixa, 

{t:^;6s<^ i6 T K V > (cii^i- 5 r t # 5 o 
[0 0 2 5] m^. 4 Jl<?:)S^*F<t ta^^m^^t^ 

1 mm 1480 nffi3t?S:S»LD(7)3tttl;'3 (Pout ) 

400 mW <Dt^. ffiffi-^^^Ii-^X n PtHfg ^ (D\^U 
» (AV hh) 0 meV , 40meV . SOmeV <D^^(D MQW 
P^tCiott^ 3?fc7nt>clitomv>7^:— (P3d) ^ M 

[0 0 2 6] S 1 f*. J:5^?a6^J^<effim^«fflJ 

—jucD m'fi\^i7^^<DU^ (Dm^^^t>-f'mxh^o mqw 

M%cO[i5«(cfc/-c5ffigl?fe^ X : 0 nm <h X : 80 nm 
3^7ct^«gCOfiV^^->'W^;)«*(C^o^t5 P 

3D ( 0 ) i: X : 80 nmid^Dtt-S Pa d ( bo ««> 

3D(0) <hp3 0( 80 n«) ^^H^ Ps 0 / 0 ) t. P 

3D < 80 n. ) (Dniinw-^xmotimt:. myi mMi(D 

[0 0 2 7] 

[SU 



- - - 

(meV) 


(meV) 






146.403 


d 


0.462 


40 


0.149 


: ^ 


80 


0.0402 



( 6 ) 
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[0 0 2 8] :Z(D LD (Dit^tl 400 mW iciott^ m<D 

#F ( Npt : 1) irftfcai/^S^#F ( Not : 4) (^^r^l 

<^aAS;ij?t<50Mfi^ 40 mA-T?fcS75^ A 
V hh ^^80 meV ^m\^t^t. :L(Dm7im 6.4 mAt 

[0 0 2 9] **PJ^S?ffl-r^Ct(-<t 

19. MQW F^f^Z^oV^T. Slf'^LTV>'5fl:T-#Fm^0?«4\ 
#S:T-#Fc07t^^iJ##.^io J: t>*^^^(J##>iS:^7)^i?S- 10 

[0 0 3 0] 

[0 0 3 1 ] 3fe-f . n Magett InVW^ iJitC^^^S 20 

^C3Z^i6g:*oJ:TJ^MK->^ GalnAsP^ij^ J: ^t-S:^-^- 

^m^. ^fh^^tl^ mW- 2jiiui . 15 nm joJ:t>* 10 nrag 
S^SL/c^. ^ nm 7!)^^)-h^ nm (T^^SJ^^^-T ^ »^ 

wCO^S^tC. Si, S , Ge. Se, Sn. Tefj: t\ 

^'i"5o 30 
[0 0 3 2] Wh. :L(D Y-\^'>^^\ZX.^mB ( a ) fC 

V\ rc7)±jc, ^ K-:7^ GaInAsP^g;0%J: Tje-S^^-^-- 9- 
P mM^^<D GalnAsP^l^aJzip^c^-S^^^^Doi^S 
MQW «3t<Jr;^-<-i^gjb*j:t>*iJ^gt^i::iii6S 
t-hfj:^^\m 3^JP^^i-5o 40 

[0 0 3 3] p ^^fett InP^^-y K 

ii 4^^gLTlll7 ( a )<^J:9Jt. 
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8^oJ:t>* nM^Gtt InPm 2JSi6iA^g 9^112^:. Si^) 
±{C pS^^eti GalnAsP^B^ei: «9 ^^^^>'^^ hi! 10 

11 ^^^'t^O 

[0 0 3 4] :i<Dmi^ih^^^B^M&^ 11 4r lOO/im 

GalnAsP^V^^ hglOfflJ<D;1£0^s^*St^. ^tl^^tl A 
u-Ge:jBj:t/ Au-Zn^K^^«j£tCj;«9lS^b. ia^LSSr 

ffoT. nftijm^i 12 ^xxf pmmm 13 t mi i 
'7^^mm:^\^\^^mmMt'r^fzi^^ iooMm;:i-^>^ 

1^;^ h^-r :7'Sr'=f''L^tc:i|isir bT» 100 /im 

[0 0 3 5] InP SgfaSffiiii- GalnAsP^l^ 

InP^alg^^flrbT/c^^ GalnAsP/InP^^^^^ 

C(7);^Sfs*3j:T>*^i0^m{CPSf:>-r. m^^t. InGaAlAs/In 
P, GalnAsP/GaAs. AlGaAs/GaAs . AlGalnP/GaAs^^t^ 

[0 0 3 6] :^?^mn MQwt#3g^cov^T«^s»6tJ6DTfo 

ff^figH. InP S*R-bf-f^^^ttfc GalnAsP^^ile^B 

GaAs S*S±t-?K^£^tlfci AlGalnP^^Ssl^iifCOJ: 5 

19 i^M-^^ LD. SLD joj: 

t/ S0A^c:*^?^^®fflLfcfc(OT\ ^tc3tiSS;^-<^ b 

[0 0 3 7] LD , SLD :Jo J:I>* SOAtl, :itl.fe> 

<^m^;!i5t&<>^i-5^iKS««^*£^"r5/ci*!). 0 9(5 

V K^-v :y:/^^>/w=¥-;65/jN$v^»T'#F(507t^^iJ#:;^ 
5/:/aiJt;/u^-;i)§/h$v>:g^#Fr*fi. J: ^^-^v K 



( 7 ) 

11 

tcf^. MQW P^co^/^5y<> K^> :y^J^^>yt'^^— ^Wi" 

[0 0 3 81 r<^j: 9 7i §6^^*11,^-5 ^ i: 

f5TtgT'&'9. 1119 ( a »^#FioJ: 

5(7)-cfe5, rt^J: 5 i:-t:\ [119 (c)Jc^-t- 

rmA:dK X^—'^tfj:^ . LD , SLD iSXXI SOAfj: H 
[0 0 3 9] ^(::t.PtMSi:S^#F«(^ra(Z>-- 20 

[0 0 4 0] mi 0 ( a :^^PJtrjo^t'5:^>'^">r 
i£^(c:±l:TV^>5o -tLtc>Pl-LT. mi o ( b XciTj^i" 30 

S^RMSfi. fi^#FJ: 19 < . ;i^o. PtM^<t 19 

[0041] Hio (c )fi, KiiSi:fi^#F£OFHl 
i^^r^JSiS^-^^^^ilT-fc^o mi 0 ( d 

t^-mi^m^f\.. MQW (^(7)^»^#Fc7:>7t^*iJ##^*5 

^v^w^WimM-m-it^'mm.i^ ld . sld $5J:d^soa 50 
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[0 0 4 2] 

^^#FS^nM«etti:i-5i|^«^^^^4^ct LT. 

^^m(D^. t)b<Jl. 3fe{cft^#Fgic K-t:">'^-r 
5:l<t Lfc;i)^?:>. fi-?-#F^P$li^i:<7)r^T(D|l^&^;:f 

[0 0 4 3] #a»^#F^^ft:7t^^t-oV^TWX. 
f:f. Sfe^l^^Sit^O MQW^^i-'S LD . SLD . LED *:5j:tJ^ S 

7t^^^S#^i-5C i:75^tr#5o MQW-LD \z,m 

mx^fzLm-^. MQW p^os^#Ft-aA^*x5=^^y 
[Ell] ll?a6*i>t«m^^ffll'^rn»M 

m2] mmmm.'f-^m^^^i-^. m^m^mm^m 
[1214] mi-^-FP^mi-ms.tBmmmmiumm^^ 

[ HI 5 1 J; 5 o PtliiSi 

[HI?] :»?i^m^mm\^fz^m{^i^—^-m^<om'^T. 

(b) b7-Y^;4Sfl^fife$n/-cS«^. (c) 

[ma] *^PJco|ll(^||J6ro?i^ffi$rI5iBJ-r2)fc:fecol2l 
T-foO. (a) la^QW rt<^ffi^^^^>*^. (b) fit* 
*1tjt!^5MQW K^-r 2'>^7"c2 7r I'^l'^. (c) 



( 8 ) 
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11119] :^^m<^m2(Dmm(omm^mm-t^fzi^(Dm 

X-h^. (a) flMQW f^com^^*^*^. (b) (iSe 

-Y/i-^. (b) i^mmMmm^m-fx:^y<4 ^mumm 

t\.fzm^(0^<:yY^^y^':/r2yr^^^^. (c) 

m^Mmi:mnxy^y<^ ^i^umi^t {^tzm^(Dy<> k 
^mi^^mxh^o 



10 



14 



1 n^^e-ttinp mm 

2 n M^i^ttlnP >'< :y r — ® 

3 fsttii 

4 pS»ettInF ^y y KJl 

5 ^iilt^^i^^s^ 

6 y^ hy^y-ikSi^'^^^''^:^^ 

8 p mMBmn? m i saj:?!^^® 

10 Ml 

1 1 mi^iz,^mrsfi^S:mm 

1 2 Au-Ge ^^^LT/c^Sn 
1 3 Au-Zn ^^^LTTt^^p' 

14 :t-^y^ mm^fi^mm 



imi] 



m2] 







1 


mstm 




mmm 






It 










N 5 



thy 




0,5 I IJ 2 2.5 3 
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[115] 



[He] 
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pT 10 

i' 



7" 



dyu,:Oin«V 



Po^:400niW 
D-:lJlxiO-'<in2.-l 



20 40 60 80 

mvfa>pmmii*h<omm: x (am) 



I 
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190 



lei 
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